I. Introduction and Motivation
The random walk problem has a long history. In fact, its application to the movement of security prices predates the application to Brownian motion.' And now it is generally accepted that, at least to a good approximation, ln (S), where S is the price of a common stock, follows a random walk.2 The diffusion constant characterizing that walk for each stock thus becomes an important quantity to calculate. In Section II, we describe the general random walk problem and show how the diffusion constant is traditionally estimated. In Section III, we discuss another way to estimate the diffusion constant, the extreme value method. In Section IV, we compare the traditional and extreme value methods and conclude that the extreme value method is about 21/2-5 times better, depending on how you choose to measure the difference. In Section V, we discuss the use of this method for the estimation of the variance of the rate of return of a common stock. We can now show straightforwardly that where N is the number of observations. Thus, to obtain the same amount of variance using the two methods, we need Nx= 5N. Clearly, the extreme value method is far superior to the traditional method and will be much more sensitive to variations in D. In order to check the validity of the above analysis, 100 random walks of 10,000 steps each were generated on the computer.5 The steps were uniformly distributed over the interval (-2, +2). For each walk, the displacement x from the origin after 10,000 steps was recorded and also the difference between the maximum and the minimum. Since the variance of each step is 1/12, the theoretical prediction for D is 10,000/12 = 833. The following quantities were then calculated from the recorded data: We can conclude that the true variance of the rate of return of a common stock over a unit time interval is precisely the diffusion constant of the underlying random walk. Now, as we have seen, the extreme value method provides a much better estimate of that diffusion constant than the traditional method does.6 So, to estimate the variance of the rate of return, we certainly ought to prefer the extreme value method.
In fact, the extreme value method is very easy to apply in practice, since daily, weekly, and in some cases, monthly highs and lows are published for every stock. If H = the high and L = the low in the time interval under consideration, then 1 = ln (HIL) gives one of the difference values we need for calculating D,. The improvement using D, as an estimate of V could be of particular importance in studies of the time and price dependence (if any) of V, for, to get a given accuracy in V, about 80% less data (and thus, an 80% smaller time interval) is needed for the extreme value method than for the traditional method.
6. The extreme value method for estimating V was used by the author in a paper on put options (Parkinson 1977) .
